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INTROIH.V  TION 


\ 

1 hi*  Favid  1 ^yloi*  Mode  l lOsm  is  engaged  in  a bri*.ui  research 
prog  ram  to  provide  tuiui.nu'iit.i!  hiilr.i.lyii  i nu'  ii.  t.i  which  v.ii  tv  .1 ; <; » i s«* *1 
to  t!iv*  design  of  improved  cablc-towcd-body  Miti'nn.  1‘ursu.tm  thereto, 

.1  number  i*l  years  ago,  tin*  Model  Rasm  oru. inatce  .1  systematic  scries 
of  trailing-typo  fairings  (now  designated  Scries  A)  and  conducted  ..»» 
o\[v  riim'nt.il  program  to  invest  i.;..tc  tin*  cf;ec«  of  variations  m geometric 
p.ir.imoti'rs  on  tin*  hydrodynamic  char acte  rist  ics  of  su»*h  I t ir  mg.*- *•"  •*'. 
Suhsccpicnt  ly , «lit'ii  selected  jv.s  i»i  Rories  A Mt*ri'  applied  in  actual 
towing  systems,  certain  difficulties  associated  with  mechanical  con- 
struction wore  e ncounto rod . To  avoid  similar  problems  in  tin*  future, 
i 

Series  A w.is  revised  to  obtain  a new  m* r u* :•  of  trailin'*  fairings  designated 
as  Series  I',  Nine  nio»t%*ls  of  tin*  new  series  were  assembled  and  drag 
experiments  at  zero  angle  of  . Hack,  the  results  of  which  form  the 
subject  of  this  report,  were  conducted  in  tin*  towing  basin.  ^ 

This  report  derives  the  basic  geometry  of  Series  It,  tie  scribes  the 
models  used  for  the  tests,  describes  the  special  purpose  dynamometer 
and  other  apparatus  used  in  the  lest,  outlines  the  test  procedures, 
presents  data  curves  for  the  individual  models  showing  variation  of  drag 
coefficient  with  Reynolds  number,  ami  presents  summary  curves  showing 
the  variation  Of  drag  coefficient  with  the  nondimensional  geometric 
parameters  (fineness  ratio  and  thickness  ratio).  Conclusions  are  drawn 
concerning  the  selection  of  series  shapes  from  the  standpoint  of 
minimizing  drag  of  toweubles. 

GEOMETRY  OF  SERIES 

DTMU  Series  B is  a systematic  series  of  t railing-tvpe  fairings.  The 
configuration  of  the  parent  form  of  the  series  is  based  on  the  concept  of  a 
clip-on  fairing  wherein  the  toweable  provides  the  leading  edge  of  the 
fairing,  as  opposed  to  the  enclosed  type  of  fairing  which  completely 
houses  the  cable.  The  precise  shape  of  tlie  individual  forms  of  the  series 

1 References  are  listed  on  page  2-*, 


is  defined  in  terms  of  tin*  p re  m'  ribcd  .iwnict  r tea  1 p.,  rair.ii  to  rs,  iiia'was 
ratio -r  and  thickness  ratio  -t-.  A:,  r.n*nlioncd  m tin*  Introduction,  Series  B 

Vl  vl 

w.u  obtained  by  modifying  Series  A,  The  tmni ification  consisted 
essentially  of  the  elimination  ol  t lie  . p between  tile  fairing  .ii«i  the  cable. 
The  detailed  derivation  of  the  .malytic.il  expression  for  Series  A 
(including  the  (jap)  has  not  been  previously  published.  Consequently,  to 
avoid  confusion  in  identifying  the  various  configurations,  a vie  tailed 
derivation  is  given  in  the  following  paragraphs. 

The  basic  configuration  of  Series  A is  shown  in  Figure  1.  The 
equation  defining  the  shape  is  derived  from  a cubic  of  the  form: 

y = Aj  (x-Xo)J  * A..  (x-\,y;  < A.,  (x-xj  >•  A*  [l] 

where  (x«xv,)  is  the  abscissa  of  the  fairing  shape  in  a coordinate  system 

with  the  origin  at  the  leading  edge  of  the  cable. 

The  constants  Aj,  As,  Aa,  and  A4  can  be  evaluated  as  follows: 

when  x = Xn,  let  4^  * 0 and  4--^  - 0,  then 
^ dx  ux- 

^ « 3Ai  (x-Xo)J  + 2AS  (x-*,)  + Aa  = 0 [2] 

and 

5 6Ax  (x-xo)  +■  2AS  = 0.  - 13] 

Thus  A3  and  Aa  = 0. 

Equation  [l]  becomes 

y a Ax  (x-xor  + A*.  [4] 

Now  let  y = 0.5t  at  x = Xj,  so  that 
A*  a 0. 5t. 
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2,5  percent  of  t .it  x - c ,» nd  e v.. in.;  tin  ; Aj 

0.025;  = A;  {e-x^)0  « 0.5; 

ruul 

Al  = liLilzi  ( 

(C-X.;,)'’ 

AIL  the  constants  have  boon  determine..  ,...d  Equation  _5„  becomes 


y = 0. 5t  - 0.*17  5t  ■■■- 

( C “ ) 


which  expressed  in  nonciiiv.e nsio:i;i.l  form  is 


y/t  = 0.5  - 0.57  5 - — — 

wC  ” X,y 


_U 


[7~ 


Let  y/t  = y1,  |=  x-  and 
Thus  Equation  Jj  becomes 

y'  - 0-5  - 0.-175  Y ~-v  -I  ■ 

.-A  “ X,j  _ 


l8l 


As  expressed  by  Equation  _8,,  the  fairing  trailing  edge  terminates 
in  a blunt  end.  To  eliminate  the  burnt  end,  the  lairing  shape  was 
terminated  by  the  are  of  a circle  (found  by  graphical  methods)  with 
radius  r = 0 . 0 3 Z 8 1 which,  intersects  the  x axis  at  x = c and  is  tangent 
to  the  curve  which  forms  tne  fairing. 

Referring  to  Figure  1,  an  expression  for  Xo  is  found 'as  follows: 

(xo  - 0 . 5u)'!  = (0 . 625d)‘;  - (0 . 5t)'J  '<)] 

x2  - O.bd  = \l  (0 . 6Z5d)-'  - (0.5t)“ 

xj  = 0 . 5d  + \T" (0  . oZSd)"  - (0. 5f)" . [10] 


‘I 


Equation  [10]  can  bo  written  in  nondimension.il  form  as 


xo'  = ~=  + J ""{0.625^  - (O.si)2.  Cl  1 J 

c-  t _ t d 

O IHcC  “ “ t _ ' a 

cue* 

Equation  ,.11]  assumes  the  final  form 

Xo'  = 4 VO. 5 + n/  (0.625)a  - (O.S--)2/.  [12] 

Graphical  methods  were  also  employed  to  obtain  the  value  of  0.05t 
for  the  radius  of  the  circles  which  terminate  the  leading  edge.  It  should 
be  realized  that  Equations  [8]  and  u12]  apply  only  between  the  tangency 
point  of  the  leading-  and  t railing-edge  circles. 

Figure  2 shows  the  configurations  of  the  nine  Series  A models  that 
were  used  in  the  wind-tunnel  tests1*2*3.  These  configurations  were 
obtained  from  Equations  [8]  and  bl2j  using  thickness  ratios  of  0.6,  0.8, 
and  1.0  in  combination  with  fineness  ratios of  3,  4,  and  5.  The 
individual  models  of  Series  A are  identified  by  the  letters  TF  followed 
by  a two  digit  number  which  denotes  the  fineness  ratio  and  thickness 
ratio.  Thus,  Series  A Model  TF-S4  is  a trailing  fairing  having  thickness 
ratio  of  0.8  and  fineness  ratio  of  4.0.  Model  TF-15  is  trailing  fairing 
with  thickness  ratio  of  1 . 0 and  fineness  ratio  of  5.0. 

Since  the  gap  between  the  cable  and  fairing  is  eliminated,  the 
comparable  shapes  of  Series  B have  the  same  thickness  ratios  as 
those  of  Series  A but  somewhat  different  fineness  ratios.  Table  1 
compares  geometrical  parameters  of  Series  A and  B shapes  that  have 
been  tested. 


TabW*  t - Geometric.,!  Pn  r.miete  r.*»  of  Series  A .ml  11  Sh.ipes 


Si-  no  s A 

i 

Scries  B 

Designation 

T hicknc  s s 
Ratio 

Fineness 

Ratio 

| Designation 

1 

Thickness 

Ratio 

Fineness 

Ratio 

TF -63 

0.6 

^ ; 

13-1 

0.6 

2.K7  5 

TF-64 

0 . 6 

4 

13-2 

0.6 

3,873 

TF -65 

0.6 

5 ! 

13-3 

0.6 

4.875 

TF -83 

0.8 

3 

13-4 

0.8 

2.875 

TF -84 

0.8 

4 

B-5 

0.8 

3.875 

TF -85 

0.8 

5 

13-6 

0.8 

4.875 

TF-13 

1.0 

3 i 

B-7 

1.0 

2.  o75 

TF  - 14 

1.0 

4 ! 

1 

B-8 

1.0 

3.875 

TF-15 

1.0 

5 ! 

i 

B-9 

1.0 

4.875 

DESCRIPTION  OF  MODELS 


The  models  used  for  the  tests  are  sho  /n  in  Figure  3.  The  components 
of  those  models  arc  the  same  as  those  used  for  the  wind-tunnel  tests  but 
were  assembled  as  show;,  m the  figure  for  B-5. 

The  simulated  cable  is  a 1 . 16-inch  diameter  model  constructed  by 
soldering  31  strands  of  0.10-inch  diameter  copper  rods  to  a 0.96-inch 
solid  steel  rod  at  a pitch  angle  of  75  degrees  in  a left  hand  lay.  This 
simulated  cable  was  modeled  after  an  early  towcable  used  in  the 
variable  depth  sonar  program. 

The  fairing  models  are  constructed  of  mahogany,  are  coated  with  a 
water-proofing  sealer  to  prevent  splitting,  and  are  covered  with  several 
coats  of  paint  to  give  them  a smooth  finish.  Table  2 lists  the  physical 
characteristics  of  the  Series  3 models,  The  wetted  surface  and  chord 
length  are  computed  with  the  models  installed  on  the  cable. 

The  length  (span)  of  the  models  is  2 feet  which  is  equivalent  to  the 
width  of  the  test  section  of  the  two-dimensional  dynamometer  described 
Jater  in  this  report. 


I 


7 


Tabic  2 - Physical  Characteristics  o i Series  li  M'  dels 


Model 

Wetted  Surface  Area, 
square  feet 

i Chord  Length, 
j feet 

B-l 

1.26 

0.28 

B-2 

1.63  ’ 

0.38 

B-3 

2.00 

0.47 

B-4 

1.26 

0.26 

B-5 

1.63 

0.38 

B-6 

2.00 

0.47 

B-7 

1.26 

0.28 

B-8 

1.63 

0.38 

B-9 

2.00 

0.47 

TEST  APPARATUS  AND  PROCEDURES 

The  drag  on  the  fairing  models  was  obtained  using  the  two-dimensional 
fairing  dynamometer  shown  in  Figure  4.  Figure  5 shows  the  gage 
arrangement  in  one  of  the  wall  balances  of  the  dynamometer.  Each 
wall  balance  is  capable  of  measuring  the  lift  and  drag  of  the  model.  The 
output  of  the  gages  in  the  wail  balances  was  amplified  by  TMB  Type  211-2A 
control  units  and  monitored  with  TMB  Type  T-IC  digital  strain  indicators 
shown  in  Figure  6.  » 

The  fairing  dynamometer  assembly  was  designed  to  be  installed  on 
any  of  the  Model  Basin  towing  carriages.  For  this  series  of  tests,  the 
fairing  dynamometer  was  attached  to  TMB  Carriage  No.  2.  Figure  7 
shows  a schematic  diagram  of  a typical  test  arrangement. 

Prior  to  the  formal  test  program,  preliminary  tests  were  conducted 
to  determine  the  tare  drag  on  the  wall  balance  cover  plates.  In  addition, 
a survey  was  made  of  the  test  section  using  a pitot-static  tube  to 
determine  its  velocity  distribution. 

Each  of  the  Series  B models  was  rigidly  bolted  to  the  wall-balance 
cover  plate  and  the  drag  was  measured  at  zero  angle  of  attack  for  speeds 
from  0 to  12  knots.  A separate  test  was  made  to  determine  the  drag  of 
the  bare  cable  model  for  speeds  from  0 to  12  knots. 
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Figure  4 - Tvwo-Dimensional  Fairing  Dynamometer 
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REDUCTION  OF  DATA 


The  re  suits  of  the  vo  locity  survey  indicated  th;.t  over  the  range  of 
speeds  investigated,  the  velocity  of  the  flow  through  the  test  section, 
except  lor  that  in  immediate  proximity  to  the  wall-balance  cover  plate, 
was  2 percent  lower  than  free  stream.  Consequently,  the  speed 

k 

readings  were  reduced  by  2 percent.  Further,  the  drag  readings 
were  corrected  for  the  tare  drag  of  the  cover  plates.  The  drag  coefficier. 
Cp  based  on  net  drag,  corrected  speed,  ar.d  projected  frontal  area  A. 
of  the  cable  were  computed  for  each  of  the  fairing  models  and  were 
plotted  as  a function  of  Reynolds  number  R which  was  based  on  cable 
diameter  d as  the  characteristic  length.  The  residual-resistance 
coefficient  C.  was  also  calculated  for  each  model  by  subtracting  the 
frictional-resistance  coefficient  Cf  (ATTC  Line)'1  from  the  total  drag 
coefficient  Ct. 


RESULTS 

Figures  8,  9,  and  10  are  plots  of  drag  coefficients  based  on  frontal 
area  versus  Reynolds  number  for  fairing  thickness  ratios  of  0.6,  0.8, 
and  1.0,  respectively.  Each  figure  is  for  a family  of  fineness  ratios  of 
2. 375,  3.875,  and  4.875.  In  a separate  analysis  which  is  not  shown 
in  this  report,  it  was  found  that  curves  of  total  drag  coeificients  versus 
Reynolds  number  paralleled  the  ATTC  Line. 

Figures  11  and  12  show  the  effect  of  varying  the  fineness  ratio  of 
the  fairings  while  holding  the  thickness  ratio  constant  on  and  Cr, 
respectively.  It  can  be  seen  from  these  figures  that  as  the  fineness 
ratio  increases  the  drag  decreases.  This  decrease  is  predominantly 
in  the  residual  resistance,  as  shown  by  Figure  12. 

Figures  13  and  14  show  the  effect  on  the  drag  coefficient  and  residual- 
resistance  coefficient,  respectively,  of  varying  the  thickness  ratio  while 
holding  the  fineness  ratio  constant.  Figure  13  shows  that  increasing 
thickness  ratio  (up  to  a value  of  1.0)  tends  to  decrease  the  drag.  Here 
again,  the  decrease  is  predominantly  in  residual  resistance,  as  shown  by 
Figure  14. 
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10-  Drag  Coefficient  aa  a Function  of  Reynolds  Number  for  a Thickness  Ratio  of  1.0 
(Drag  coefficient  based  on  frontal  area;  Reynolds  number  ba-  ed  on  cable  diameter) 


Tho  drag  coefficient  of  the  ba rv.— cable  model  was  nearly  constant 
at  a value  of  0.985  over  the  speed  range  tested.  This  is  a much  lower 
value  than  commonly  used  for  bare  cables  in  calculations  of  cable  con- 
figurations and  can  be  attributed  to  the  fact  that  the  test  cable  was  rigid 
and.  was  restrained  from  vibration  by  being  held  at  both  ends.  In 
calculations,  the  Model  Basin  usually  uses  a drag  coefficient  of  1 . 5 
for  bare  cable  based  on  an  unpublished  correlation  of  predicted  values 
and  full-scale  experimental  data.  Nevertheless,  all  of  the  fairings  in 
the  series  producer  a substantial  reduction  in  the  drag  of  the  bare  cable. 

CONCLUSIONS 

Based  on  the  results  of  drag  tests  on  a systematic  series  of  trailing- 
type  cable  fairings,  the  following  conclusions  are  drawn: 

1.  The  drag  decreases  with  increasing  fineness  ratio  in  the  rang  i 
of  ratios  from  2.875  to  4.875.  This  is  due  primarily  to  a reduction  in 
residual  resistance. 

2.  Tho  drag  decreases  with  increasing  thickness  ratio  in  the  range 
of  ratios  from  0.6  to  1.0.  This  is  also  due  to  a reduction  in  residual 
resistance. 

3.  All  of  the  fairings  used  in  the  series  produce  a substantial 
reduction  in  the  drag  coefficient  of  a bare  cable.  The  lowest  drag 
coefficient  (Cq=  0.2)  was  obtained  with  the  model  having  a fineness 
ratio  of  4.875  and  a thickness  ratio  of  1.0.  The  drag  coefficient  of 
the  rigid  simulated  cable  used  in  the  experiments  is  0.985,  but  a 
more  realistic  figure  for  a bare  cable  used  at  sea  is  a drag  coefficient 
of  1.5. 

4.  Since  the  total-drag  coefficients  of  each  model  paralleled  the 
ATTC  Line,  the  residual-drag  coefficient  of  each  model  is,  for  all 
practical  purposes,  independent  of  Reynolds  number.  Thus,  the 
total-drag  coefficient  Ct  can  be  determined  for  any  Reynolds  number 
beyond  transition  by  adding  the  frictional-resistance  coefficient  Cr 
for  that  Reynolds  number  to  the  particular  Cf  for  the  fairing  shape  of 
interest. 
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